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ABSTRACT 



Disclosed is a flame retardant polycarbonate resin 
composition, which comprises 50 to 98 parts by weight of an 
aromatic polycarbonate (A), 0.1 to 49 parts by weight of a 
copolymer (B) comprising an aromatic vinyl monomer unit 
(b-1) and a vinyl cyanide monomer unit (b-2), 0.5 to 30 parts 
by weight of a cyanide-containing, graft copolymer (C) 
obtained by copolymerizing an aromalic vinyl compound 
(c-1) and a vinyl cyanide compound (c-2) in ihe presence of 
a rubbery polymer (c-3), 0.5 to 30 parts by weight of a 
(met h)acry late-containing, graft copolymer (D) obtained by 
copolymerizing an aromatic vinyl compound (d-t) and an 
alkyl (mcth)acrylatc (d-2) in the presence of a rubbery 
butadiene polymer (d-3), and 0.1 to 30 parts by weight of at 
least one organic phosphorus compound oligomer (E), 
wherein the total amount of the components (A), (B), (C) 
and (D) Ls 100 parts by weight. 

9 Claims, 3 Drawing Sheets 




o 

00 



o 



o 
co 



o 



o 
"3- 



o o 

CO CNJ 



(«8/L UQWJOadS lS9%p SSQUVfOjlJ}) 

(luo/ujo.^Svi) i|^3u8j^s }oedtu! poz| 



U.S. Patent Jan. 28, 2003 Sheet 2 of 3 US 6,512,077 Bl 




U.S. Patent Jan. 28,2003 



Sheet 3 of 3 



US 6,512,077 Bl 



F ( G. 3 




1 u m 



us 

1 

W>LYCARIU)NATK-BASK 
Fl AMIvRKTAROANT RKSIN COMPOSITION 

l*his applicaiion is ihc national phase under 35 U.S.C. § 
371 of PCT Inlcrnational Application No. ICT/J POO/0 1839 5 
which has an International tiling dale nf Mar. 24, 20(H), 
which designated the United States of America and was not 
published in English. 

BACKGROUND OF THE INVEN TION 
1 . Field of the Invention 

ilie present invention relates to a llame retardant poly- 
carbonate resin composition. More particularly, the present 
invention is concerned with a llame retardant polycarbonate 
resin composition, which comprises, in a specitic ratio, an 
aromatic polycarbonate (A), a copolymer (1 J) comprising an 
aromatic vinyl monomer unit (h-l) and a vinyl cyanide 
monomer unit (b-2), a cyanide -containing, graft copolymer 
(C) obtained by eopolymeri/.ing an aromatic vinyl com- 
pound (c-L) and a vinyl cyanide compound (c-2) in the 
presence of a rubbery polymer (c-3), a ( met h)acry late - 
containing, graft co -polymer (0) obtained by copolymer i/- 
ing an aromatic vinyl compound (d-1) and an alkyl (melh) 
a cry late (tl-2) in the presence of a rubbery butadiene 
polymer (d-3), and at least one organic phosphorus com- 
pound oligomer (E). The resin composition of the present 
invention not only simultaneously exhibits excellent melt 
fluidity, impact resistance, thermal resistance and llame 
retardancy, but also has high stability in mechanical prop- 
erties. Further, the occurrence of a mold deposit (MD) 
during the molding of such a resin composition is very 
small. By virtue of these excellent characteristics, the resin 
composition of the present invention has advantages for use 
in various industrial lie Ids. 
2. Prior Art 

A resin composition comprising a polycarbonate (PC), an 
ABS (acrylonitrile-butadiene-styrene) resin and a 
phosphorus-containing flame retardant (such a resin com- 
position is hereinafter, frequently referred to as a "PC/ABS/ 
phosphorus -containing llame retardant composition") is a 
llame retardant resin composition which is free from a 
chlorine/iodide llame retardant. Such a llame retardant resin 
composition exhibits excellent mechanical properties and 
thermal resistance, and hence, it has been widely used as a 
material for housings in electric appliances and office auto- 
mation machines, such as computers, printers, word proces- 
sors and copying machines. 

The technologies concerning the PC/A HS/phosp horns- 
containing flame retardant composition are described, for 
example, in the following patent documents: Unexamined 
Japanese Patent Application Laid-Opcn Specification No. 
2-32154 (corresponding to U.S. Pat. No. 5,061,745); Unex- 
amined Japanese Patent Application [.aid -Open Specifica- 
tion No. 2-115262 (corresponding to U.S. Pal. No. 5,204, 
394); Unexamined Japanese Patent Application Laid-Opcn 
Specification Nos. 4-285655. 4-298554, 4-300937, 

6- 192553 and 6-228364; Unexamined Japanese Patent 
Application La id-Open Specification No. 6-240127 
(corresponding to W09 3/22382); Unexamined Japanese 
Patent Application I .aid-Open Specification Nos. 7-1 1 1 19, 

7- 26 1 29, 7-3397 1 , 7-82466, 7- 1 45307, 7- 1 50028, 7- 1 9687 1 , 

7- 196872, 7-196873, 7-196874, 7-331045, 7-331051, 

8- 3397, 8-34916, 8-34926, S-67810 and 8-120169; Unex- 
amined Japanese Patent Application La id -Open Specifica- 
tion No. 8-127686 (corresponding to W096/07704); Unex- 
amined Japanese Patent Application La id -Open 
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Specification Nos. 8-165392, 8-225737, 8-277344, 
8-208972, 9-3312, 9-48912, 9-95610, 9-104811, 9-124920 
and 9-143357; Unexamined Japanese Patent Application 
l.aid-Open Specification No. 9-165518 (corresponding to 
12P747424); Unexamined Japanese Patent Application Laid- 
Opcn Specification Nos. 9-176471 and 9-183893; Unexam- 
ined Japanese Patent Application La id-Open Specification 
No. 9-188808 (corresponding to LP77I851); and Unexam- 
ined Japanese Patent Application La id-Open Specification 
m No. 9-194713. 

In accordance with the recent tendency to reduce the 
weight and wall thickness of the above-mentioned types of 
machines, there has been a demand for a PC/A US/ 
phosphorus-containing llame retardant composition which 
j- simultaneously exhibits a high melt fluidity and a high 
impact resistance and which can therefore be advanta- 
geously used for producing light-weight and small-thickness 
shaped articles. However, in the above-mentioned patent 
documents, a PC/ABS/phosphorus-containing flame retar- 
„ 0 danl composition which simultaneously exhibits satisfacto- 
rily high melt fluidity and impact resistance has not been 
obtained. 

It has been attempted to produce a PC/AILS/phosphonis- 
eontaining flame retardant composition having a high melt 
25 lluidity by increasing the amount of ABS or SAN (slyrcne- 
acrylonitrile copolymer) contained in the resin composition. 
However, the obtained resin composition has a problem in 
that the flame retardancy of the resin composition becomes 
unsatisfactory so that a dripping of flaming particles is likely 
in to occur when the resin composition is on lire. Further, such 
a resin composition has problems in that the impact resis- 
tance and the thermal resistance of the resin composition 
become low. It has also been attempted to improve the melt 
fluidity of a PC/ABS/phosphorus-conlaining llame retardant 
^5 composition by using a low molecular weight polycarbon- 
ate. However, in this attempt, the impact resistance of the 
obtained resin composition is lowered. 

Unexamined Japanese Patent Application Laid-Open 
Specification No. 62-25179 discloses a resin composition 
40 containing a polycarbonate, AILS and MBS (methyl 
melhacrylate-butadiene-styrene copolymer) and U.S. Pal. 
No. 4,390,657 discloses a resin composition containing a 
polycarbonate, ABS, and an acrylic rubber-containing multi- 
phase composite interpolymer which is obtained by graft 
45 copolymerizing an aery late monomer onto a butyl aery late 
rubber. These patent documents describe that these resin 
compositions are improved in weld strength and low tem- 
perature impact resistance. However, these patent docu- 
ments disclose neither a technique for improving the melt 
50 fluidity of a resin composition nor a technique for improving 
the flame retardancy of a resin composition. In addition, the 
improvement in impact resistance achieved by the use of the 
acrylic rubber-containing mulli -phase composite interpoly- 
mer is unsatisfactory. 
55 Unexamined Japanese Patent Application Laid-Open 
Specification No. 6-240127 (corresponding to WO 
93/22382) and Unexamined Japanese Patent Application 
Laid-Open Specification No. 8-3397 disclose the use of a 
specialty rubber in combination with the PC/A US/ 
60 phosphorus-containing flame retardant composition in 
which a phosphorus compound oligomer is used as the llame 
retardant, wherein the specialty rubber is a complex rubber 
(silicone -aery lie complex rubber) obtained by a process 
comprising graft polymerizing a vinyl monomer onto a 
i>5 complex rubber comprising a polyorganosiloxane and a 
polyalkyl ( met h)acry late. The si lieone-acry lie complex rub- 
ber used in the above-mentioned patent documents exhibits 
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only a low reaclivily with a rubber comprising a polyorga- 
nosiloxanc and a polyalkyl (meth)acrylate and, accordingly, 
ihc graft polymerization of a vinyl monomer onto the 
above-mentioned rubber becomes difficult. Therefore, the 
methods disclosed in the above-mentioned patent docu- 
ments arc disadvantageous not only in that a complicated 
process is required for the production of a siliconc-acrylic 
complex rubber, but also in that die production cost becomes 
high. Further, when a siliconc-acrylic complex rubber is 
used in combination with a IKVABS/phosphorus-containing 
(lame retardant composition, the resultant resin composition 
has a disadvantage that the impact resistance is likely to be 
lowered during the residence of the resin composition in a 
molding machine for producing a molded article. 

In a PC/ABS/phosphorus-containing (lame retardant 
composition, the high thermal resistance which a PC resin 
inherently possesses may occasionally be lost due to the use 
of a phosphor-us-containing ilamc retardant. The thermal 
resistance of a resin composition is influenced by various 
factors, such as the properties of the tlame retardant itself 
(e.g., thermal properties and viscosity of the flame retardant, 
and compatibility of the flame retardant with the resin), the 
ratio of the 11 a me retardant to the resin, and the ratio of PC 
in the resin composition. Among these properties, the physi- 
cal properties of the flame retardant used is especially 
important for the thermal resistance of a resin composition. 
There fore, there has been a strong demand for the develop- 
ment of a phosphorus-containing flame retardant which does 
not adversely influence the thermal resistance of a PC resin. 



fluidity, impact resistance, thermal resistance and flame 
rctardancy, but also has high stability in mechanical 
properties, and in which the amount of mold deposit gen- 
crated during the molding of the resin composition is very 
small. However, it has conventionally been impossible to 
produce a flame retardant po!yearlx>nale resin composition 
which exhibits all of the above-mentioned properties at a 
satisfactory level. The development of such an excellent 
flame relardanl polycarbonate resin composilion has there- 
fore been desired. 

SUMMARY OF THE INVEN TION 

In this situation, the present inventors have made exten- 
sive and intensive studies toward developing the above- 
mentioned excellent flame retardant polycarbonate resin 
composition. As a result, it has unexpectedly been found that 
a flame retardant polycarbonate resin composilion 
comprising, in a specific ratio, an aromatic polycarbonate 
(A), a copolymer (B) comprising an aromatic vinyl mono- 
mer unit (b-l) and a vinyl cyanide monomer unit (b-2), a 
cyanide -containing, graft copolymer (C) obtained by copo- 
lymerizing an aromatic vinyl compound (c-1) and a vinyl 
cyanide compound (c-2) in the presence of a rubbery poly- 
mer (c-3), a (meth)acrylate-containing, graft copolymer (D) 
obtained by eopolymerizing an aromatic vinyl compound 
(d-1) and an alkyl (meth)acrylate (d-2) in the presence of a 
rubbery butadiene polymer (d-3), and at least one organic 
phosphorus compound oligomer (£), not only simulta- 
neously exhibits excellent flame retardancy, melt fluidity 



Further, when a phosphoric ester having a low resistance 3t) and impact resistance, but also has high stability in mechani- 



to hydrolysis is used as a phosphorus-containing flame 
retardant for producing a PC/ABS/phosphorus-containing 
flame retardant composition, an ultimate molded article 
obtained from the resin composition sutlers marked dete- 
rioration in mechanical properties. Particularly, the elonga- ^ 
tion and impact resistance of the molded article become 
lowered. Such a deterioration of the mechanical properties 
becomes significant when the molded article is placed under 
high temperature and high humidity conditions, and the 



cal properties. Further, the present inventors found that the 
occurrence of mold deposit (MD) during the molding of 
such a resin composition is very small. 'The present inven- 
tion has been completed, based on these novel findings. 

Accordingly, it is a primary object of the present invention 
to provide a Uame relardanl polycarbonate resin composition 
which not only simultaneously exhibits excellent flame 
retardancy, melt fluidity, impact resistance and thermal 
resistance, but also has high stability in mechanical 



molded article may occasionally be unable to maintain the 40 properties, and in which the occurrence of MD during the 



mechanical properties which are necessary for, for example, 
housings of various machines. Further, it is generally diffi- 
cult to reuse a material which has once undergone a marked 
deterioration. The above-mentioned disadvantages are likely 
to lead to serious problems, such as a loss of quality during 45 
a long term usage of the final product and a loss of 
recyclabilily of the final product, and therefore, there is a 
strong demand for techniques useful for overcoming these 
disadvantages. 



molding of the resin composition is very small. 

The foregoing and other objects, features and advantages 
of the present invention will be apparent from the following 
detailed description and appended claims taken in connec- 
tion with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
In the drawings: 

FIG. 1 is a graph showing the relationship between the 



Further, a PC/ABS/phosphorus-containing tlame retar- so rubber content and the Izod impact strength with respect to 



dant composition prepared using a phosphorus-containing 
flame retardant has the following problem. When such a 
resin composilion is subjected to molding, the phosphorus- 
containing flame retardant in the resin composilion is likely 
lo deposit on the surface of the mold. Such a phenomenon 
is called a mold deposit (MD) and the occurrence of MD is 
likely to lower the level of surface appearance and produc- 
tivity of the molded articles. 'The use of a phosphoric ester 
oligomcr-containing llamc retardant lends to suppress the 
occurrence of MD, as compared to the use of a mo no phos- 
phoric ester (such as Iriphcnyl phosphate). However, the 
suppression of MD by the use of a conventional phosphoric- 
ester oligomcr-containing flame retardant is still 
unsatisfactory, and a further improvement has been desired. 

As is apparent from the above, there has been a strong 
demand for a llamc retardant polycarbonate resin composi- 
tion which not only simultaneously exhibits excellent melt 



the resin compositions separately produced in Examples 9 to 
12 and Comparative Examples 4 to 7 of the present 
application, together with (he relationship between the rub- 
ber content and the mell flow rate (MFR) with respect lo the 
resin compositions, wherein, in FIG. I, ■ represents I he Izod 
impact strength wilh respect to the resin compositions 
obtained in Examples 9 through 12; • represents the MFR 
wilh respect lo the resin compositions obtained in Examples 
9 through 12; D represents the Izod impact strength with 
respect to (he resin compositions obtained in Comparative 
Examples 4 through 7; and O represents ihe MFR with 
respect to Ihe resin compositions obtained in Comparative 
Examples 4 through 7; 

FIG. 2 is a TEM photomicrograph of the resin composi- 
tion obtained in Example 4, wherein the TEM photo- 
micrograph has been taken by means of a transmission 
electron microscope ( TEM); and 
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1 ; 1G. 3 is a TEM photomicrograph of the resin composi- wherein: 
tion obtained in Comparative Example 2. X represents 



DETAILED DESCRIPTION OF 'HIE 
INVENTION 

In one aspect of the present invention, tliere is provided a 
flume retards nt polycarbonate resin composition compris- 
ing: 

50 to °X parts by weight of an aromatic polycarbonate 
(A), 

(U to 49 parts by weight of a copolymer (B) comprising 
an aromatic vinyl monomer unit (b-L) and a vinyl 
cyanide monomer unit (b-2), 

0.5 to 30 parts by weight of a cyatiide-coiilaining, graft 
copolymer (C) obtained by copolymerizingan aromatic 
vinyl compound (c-1) and a vinyl cyanide compound 
(c-2) in the presence of a rubbery polymer (c-3), 

0.5 to 30 parts by weight of a ( me I h)acry late -containing, 
graft copolymer (D) obtained by copolymerizing an 
aromatic vinyl compound (d-1) and an alkyl (melh) 
aery late (d-2) in the presence of a rubbery butadiene 
polymer (d-3), and 

0. 1 to 30 parts by weight of at least one organic phos- 
phorus compound oligomer (E), 

wherein the total amount of the components (A), (B), (C) 
and (I)) is 100 parts by weight. 

Eor easy understanding of the present invention, the 
essential features and various embodiments of the present 
invention are enumerated below. 

1. A flame retardant polycarbonate resin composition 
comprising: 

50 to 98 parts by weight of an aromatic polycarbonate 
(A), 

0.1 to 49 parts by weight of a copolymer (B) comprising 
an aromatic vinyl monomer unit (b-1) and a vinyl 
cyanide monomer unit (b-2), 

0.5 to 30 parts by weight of a cyanide-containing, graft 
copolymer (C) obtained by copolymerizingan aromatic 
vinyl compound (c-I) and a vinyl cyanide compound 
(c-2) in the presence of a rubbery polymer (c-3), 

0.5 to 30 parts by weight of a (meth)acry late -containing, 
graft copolymer (D) obtained by copolymerizing an 
aromatic vinyl compound (d-1) and an alkyl (meth) 
acrylatc (d-2) in the presence of a rubbery butadiene 
polymer (d-3), and 

0. L to 30 parts by weight of at least one organic phos- 
phorus compound oligomer (E), 

wherein the total amount of the components (A), (B), (C) 
and (D) is 100 parts by weight. 

2. The polycarbonate resin composition according to item 
1 above, wherein the organic phosphorus compound oligo- 
mer (E) is selected from the group consisting of compounds 
represented by the following formula: 




30 



each of R", R'\ W and R'' independently represents a 

C\-C z0 aryl group; 
n represents an integer of I to 5; and 
each of j, k, I and m independently represents 0 or 1. 

3. The polycarbonate resin composition according to item 
2 above, wherein each of R", R { \ R ,; and R'' in formula (1) 
independently represents a phenyl group or a xylyl group, 
with the proviso that each of the compounds of formula ( 1) 
contains at least one phenyl group and at least one xylyl 
group. 

4. The polycarbonate resin composition according It) any 
one of items 1 to 3 above, wherein the content of the rubbery 
butadiene polymer in the (meth)acry late-containing, graft 
copolymer (D) is 65 to 95% by weight, and the weight ratio 
of the component (d-1) to the component (d-2) in the 
(met h)acry late-containing, graft copolymer (D) is within the 
range of from 80/20 to 5/95. 

5. The polycarbonate resin composition according to any 
one of items t to 4 above, wherein the aromatic polycar- 
bonate (A) has a weight average molecular weight of from 
15,000 to 30,000, and the copolymer (B) has a weight 
average molecular weight of from 50,000 to 180,000. 

6. The polycarbonate resin composition according to any 
one of items 1 to 5 above, wherein the component (E) 
comprises a plurality of different organic phosphorus com- 
pound oligomers, wherein the weight average polymeriza- 
tion degree (N) of the plurality of different organic phos- 
phorus compound oligomers (E) is in the range of from L0 
to less than 1.2. 

7. The polycarbonate composition according to any one of 
items 1 to 6 above, wherein the component (E) has an acid 
value of less than 1 mg KOH/g. 

8. The polycarbonate resin composition according to item 
7 above, wherein the component (E) has an acid value of less 
than 0.1 mg KOH/g. 9. The polycarbonate resin composition 
according to any one of items 1 (o 8 above, which further 
comprises a tetrafluoroethylene polymer. 

The present invention will now be described in detail. 

The aromatic polycarbonate (A) used in the flame retar- 
dant polycarbonate resin composition of the present inven- 
tion comprises recurring units each independently repre- 
sented by the following formula (2): 



(0 



o 



iv — ((:>},— r-j-o — x — o — v — f(0)— R' 1 
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O 
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wherein Ar represents a divalent aromatic group having 5 to 
200 carbon atoms. 

Examples of divalent aromatic groups Ar include a phe- 
nylene group, a naphthylene group, a biphenylene group and 
a pyridylene group, which are unsubstituted or substituted 
with at least one subslituenl as described below, and include 
a group represented by the following formula (3): 

—Ar 1 — Y— Ar 2 — (} } 

wherein each of Ar 1 and Ar independently represents an 
arylene group, such as a phenylene group, a naphthylene 
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group, a biphcnylene group or a pyridylene group, which is 
unsubstituted or substituted with al least one suhstttucm as 
described below, and Y represents an unsubstituted or sub- 
stituted a Iky I cue group represented by any one of the 
following formulae (4): 5 



R 1 
I 

-c— 

I, 



R 1 R' 

I I 

-c — r— 

K" R 1 



(■*) 



and 




wherein each of R 1 , K~, R^ and K' 1 independently represents 
a hydrogen atom, a lower alkyl group having I to rt carbon 
atoms, a cycloalkyl group having 5 to H* carbon atoms, an 
aryl group having 6 to 30 carbon atoms or an aralkyl group 
having 7 to 31 carbon atoms, which may be substituted with 
a halogen atom or an alkoxy group having L to 10 carbon 
atoms; k represents an integer of from 3 to 11; each X 
represents a carbon atom and has R 5 and R 6 bonded thereto; 
each R s independently represents a hydrogen atom, a lower 
alkyl group having 1 to 6 carbon atoms or an aryl group 
having 6 to 30 carbon atoms, and each R 6 independently 
represents a hydrogen atom, a lower alkyl group having I to 
6 carbon atoms or an aryl group having 6 to 30 carbon 
atoms; and wherein each of R\ R 2 , R\ R 4 , R s and R* may 
be substituted with a halogen atom and/or an alkoxy group 
having L to 10 carbon atoms. 

'Hie aromatic polycarbonate used in the present invention 
may contain, as a comonomer unit, a divalent aromatic 
group represented by the following formula (5): 



2(1 



— Ar 1 — Z— Ar- 



wherein Ar l and Ar 2 are as defined in formula (3) above; and 35 
Z represents a single bond, or a divalent group, such as 
— O— —CO—, — , —SO.—, —CO.—, or —CON 
(R 1 ) — , wherein R 1 is as defined in formula (4) above. 

Specific examples of divalent aromatic groups repre- 
sented by Ar of formula (2) and formula (5) usable in the 40 
present invention include groups respectively represented by 
(he following formulae: 



-6- 




-continued 
(»< 7 >m 








OA 



0< 8 )n 
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-continued 




ah 



(R'>m (R 8 )n 




(6) 



It is especially preferred that the polycarbonate contain 85 
mole % or more, based on all of the monomer units in the 
polycarbonate, of recurring units each having an Ar repre- 
sented by the above formula (6). 

The polycarbonate used in the present invention may 
contain, as a eomonomer unit, a tri- or more valenl aroma tic- 
group having 6 to 300 carbon atoms. 

With respect to the molecular structures of the terminal 
groups of the polycarbonate, there is no particular limitation. 
The terminal groups of the polycarbonate may be at least one 
member selected from the group consisting of a phenolic 
group, an aryl carbonate group and an a Iky I carbonate group. 
A terminal aryl carbonate group is represented by the 
following formula (7): 



10 



2(1 



wherein each of l< 7 and K 8 independently represents a 
hydrogen atom, a halogen atom, an alkyl group having t to 
10 carbon atoms, an alkoxy group having 1 to 10 carbon 
atoms, a cycloalkyl group having 5 to 10 carbon atoms, or 
an aryl group having 6 to 30 carbon atoms; each of m and 
n independently represents an integer of from 1 to 4, with the 
proviso that when m is an integer of from 2 to 4, the K 7, s are 
the same or different, and when n is an integer of from 2 to 
4, the R*'s are the same or different. 

A preferred example of divalent aromatic groups is a 
group represented by the following formula (6): 




<:ib ui 3 
I 

c — en,— c — cm. 



-o — c — o 




A terminal alkyl carbonate group is represented by (he 
35 following formula (8): 



40 



-O — C — O — R 9 
II 

o 



(8) 



-O — C O Ar J 

II 

o 



(7) 



wherein Ar 3 represents a monovalent aromatic group having 
6 lo 30 carbon atoms, wherein ihe aromatic ring of Ar* m;iy 
be unsubsiiuiled or substituted. 

Specific examples of terminal aryl carbonate groups 
include groups respectively represented by ihe following 
formulae: 



wherein R y represents a straight chain or branched alkyl 
group having 1 to 20 carbon atoms. 

Specific examples of terminal alkyl carbonate groups 
include groups respectively represented by the following 
45 formulae: 

O — C O — C 8 H, 7 . O C — O — C'pHs and 

II II 

<) O 
50 O — C O — Cj3H 3 7. 

o 

Among these terminal groups, preferred terminal groups 
55 are a phenolic group, a phenyl carbonate group, a p-t- 
butylphenyl carbonate group and a p-cumylphenyl carbon- 
ate group. 

With respect to the ratio of the terminal phenolic groups 
to the other terminal groups, there is no particular limitation. 
However, from the viewpoint of improving melt fluidity, it 
is preferred that the amount of the terminal phenolic groups 
is 20% or more, more advantageously from 20 to 80%, based 
on the number of all terminal groups. When the amount of 
the terminal phenolic groups is more than 80%, the melt 
stability of the aromatic polycarbonate lends to slightly 
decrease. 

As methods for determining the amount of the terminal 
phenolic groups, there are generally known a method using 



(in 
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NMK (NMR method), a met hoc) using titanium (titanium 
method) and a method using UV or IR (UV method or IK 
method). 

With respect to the aromatic polycarbonate (A) used in the 
present invention, it is generally preferred that the weight 
average molecular weight (Mw) of the aromatic polycar- 
bonate is from 5.000 to 50,000, more preferably from 10,000 
to 40,000, even more preferably from 15,000 to 30,000, and 
most preferably from 18,000 Io25,000. When the Mw of the 
aromatic polycarbonate is less than 5,001*, the impact resis- 
tance of the resin composition tends to be unsatisfactory, and 
when the Mw of the polycarbonate is metre than 50,000, the 
melt fluidity of the resin composition tends to be unsatis- 
factory. 

In the present invention, the weight average molecular 
weight (Mw) of the polycarbonate is measured by gel 
permeation chromatography (GPC) under the following 
conditions. A calibration curve is obtained with respect to 
standard monodisperse polystyrenes using a polystyrene gel 
column and letrahydrofuran as a solvent. The obtained 
calibration curve is modified by a calculation using the 
following formula: 

wherein M />c represents the molecular weight of a polycar- 
bonate and M rs represents the molecular weight of a 
polystyrene, thereby obtaining a modified calibration curve 
for a polycarbonate. ITie weight average molecular weight 
of a polycarbonate is measured by GPC using the obtained 
modified calibration curve. 

The polycarbonate (A) used in the present invention can 
be produced by a conventional method. Examples of con- 
ventional methods include an interfacial polymerization 
process (e.g., phosgene process) in which an aromatic dihy- 
droxy compound and a carbonate precursor (e.g., phosgene) . 
are reacted with each other in the presence of an aqueous 
sodium hydroxide solution and methylene chloride as a 
solvent; a transcstcrilication process (melt process) in which 
an aromatic dihydroxy compound and a carbonic diester 
(e.g., a diphenyl carbonate) are reacted with each other; a 
solid state polymerization process in which a carbonate 
prepolymer obtained by the phosgene process or by the melt 
process is crystallized and subjected to a solid state poly- 
merization (Unexamined Japanese Patent Application Laid- 
Open Specification No. 1-158033 (corresponding to U.S. 
Pal. No. 4,948,871)); a method disclosed in Unexamined 
Japanese Patent Application Laid-Open Specification No. 
1-271426; and a method disclosed in Unexamined Japanese 
Patent Application La id-Open Specification No. 3-68627 
(corresponding to U.S. Pat. No. 5,204,377). 

As a polycarbonate resin preferably used in the present 
invention, there can be mentioned a polycarbonate resin 
produced from a divalent phenol (aromatic dihydroxy 
compound) and a carbonic diester by a transesterilication 
process. Such a polycarbonate resin advantageously con- 
tains substantially no chlorine atoms. 

In the present invention, as component (A), two or more 
di Herein polycarbonates having ditferent structures and/or 
molecular weights can be used in combination. 

In the flame retardanl polycarbonate resin composition of 
the present invention, the amount of the component (A) is 50 
to 98 parts by weight, preferably 60 to 95 parts by weight, 
more preferably 70 to 00 p ;) rts by weight, relative to 100 
parts by weight of the total amount of the components (A), 
(B), (C) and (D). When the amount of component (A) is less 
than 50 parts by weight, both of the thermal resistance and 
Ha me retardaucy uf the resin composition become unsatis- 
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factory. On the other hand, when the amount of component 

(A) is more than 98 parts by weight, the melt lluidity of the 
resin composition becomes unsatisfactory. 

The copolymer (B) of the resin composition of the present 
invention comprises an aromatic vinyl monomer unit (b-1) 
and a vinyl cyanide monomer unit (b-2). The component ( B) 
is used for the purpose of improving the melt lluidity of the 
resin composition. 

Examples of aromatic vinyl monomers which can be used 
for forming the aromatic vinyl monomer unit (b-1) in the 
copolymer (H) include styrene, a-mcthylstyrene, para- 
methylstyrcne, vinylxylene, para-lert-hutylstyrene, ethylsty- 
rene and vinyl naphthalene. These compounds can be used 
individually or in combination. Among these aromatic vinyl 
monomers, preferred monomers are styrene and 
ct-methylstyrene. 

Examples of monomers which can be used for forming 
the vinyl cyanide monomer unit (b-2) include acrylonitrile 
and niethacrylonilrile. These compounds can be used indi- 
vidually or in combination. 

The weight average molecular weight of the copolymer 

(B) is generally from 30,000 to 300,000, preferably from 
80,000 to 200,000, more preferably from 100,000 to 180, 
000, most preferably from 120,000 to 150,000. 

There is no particular limitation with respect to the ratio 
of the monomer unit (b-1) to the monomer unit (b-2), 
namely the (b-l)/(b-2) ratio. It is preferred that the aromatic- 
vinyl monomer unit (b-1) content of the component (B) is 
from 95 to 50% by weight and the vinyl cyanide monomer 
unit (b-2) content of the component ( B) is from 5 to 50% by 
weight. It is more preferred that the monomer unit (b-L) 
content of the component (B) is from 92 to 65% by weight 
and the monomer unit (b-2) content of the compound (B) is 
from 8 to 35% by weight. 

In addition, as long as the excellent e fleets of the present 
invention are obtained, the component (B) may comprise 
other monomers which are copolymcrizablc with the above- 
mentioned components (b-1) and (b-2). Examples of such 
monomers include alkyl (meth)aerylates, such as methyl 
(meth)acrylate, ethyl (meth)acrylate, propyl (meth)acrylate, 
butyl meth(acrylate), 2-ethyl (meth)acrylale, 2-elhylhexyl 
rnethacrylate (among these alkyl (meth)acrylatcs, butyl 
methacrylate is preferred); (meth)acrylic acids, such as 
acrylic acid and methacrylic acid; a,(3-unsaturated carboxy- 
lic acids, such as maleic anhydride; maleimide compounds, 
such as N-phenylmaleimide, N-melhylmaleimide and 
N-cyelohexylmalcimide; and glycidyl group-containing 
monomers, such as glycidyl methacrylate. These monomers 
can be used individually or in combination. 

Preferred examples of component (B) include a styrene- 
acrylonitrilc copolymer resin (SAN) and a butyl aery late - 
acrylonitrilc -styrene copolymer resin (BAAS). Among these 
resins, a BAAS can be advantageously used for improving 
the melt lluidity of the resin composition. It is preferred that 
the BAAS contains a butyl aery I ate monomer in an amount 
of from 2 to 20% by weight, based on the weight of the 
BAAS. 

Por producing the component (B), there can be employed 
conventional polymerization methods, such as a bulk poly- 
merization method, a solution polymerization method, a 
suspension polymerization met hot! anil an emulsion poly- 
merization method. 

In the resin composition of the present invention, the 
component (B) is used in an amount of from 0. L to 49 parts 
by weight, preferably from 1 to 30 parts by weight, more 
preferably from 3 to 20 parts by weight, relative to 100 parts 
by weight of the total amount of the components (A), (B), 
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(C) ;incl (I)). When the amount of the component (B) is less 
lh:m 0.1 part l>y wcit* 111 , the melt fluiditv ol. the resin 
composition becomes unsatisfactory. On the other hand, 
when I he amount of the component (H) exceeds \ K ) parts by 
weight, the heat resistance and flame retard ancy of the resin 5 
composition become unsatisfactory. 

In the present invention, two or more different copolymers 
having different structures and/or molecular weights can be 
used in combination as the component (H). 

'Itie component (C) of the resin composition of the 
present invention is a cyanide-containing, graft copolymer 
which is obtained by copolymcrizing an aromatic vinyl 
compound (c-l) and a vinyl cyanide compound (c-2) in the 
presence of a rubbery polymer (c-3). As the aromatic vinyl 
compound (c-l) and the vinyl cyanide compound (c-2), the 
same aromatic vinyl compounds and vinyl cyanide com- 15 
pounds as used for producing the component (B) can be 
used , re s p ec t i ve 1 y. 

With respect to the rubbery polymer used as the compo- 
nent (c-3), it is preferred that the rubbery polymer has a glass 
transition temperature of 0° C. or lower, more preferahly :o 
-10° C. or lower, most preferably -30° C. or lower. 

Specific examples of rubbery polymers used as the com- 
ponent (c-3) include diene rubbers, such as polybutadiene, a 
styrene-butadiene copolymer, an acrylonitrile-hutadiene 
copolymer; acrylic rubbers, such as poly(butyl acrylate); 25 
polyisoprenc; polyehloroprcne; ethylene-propylene rubbers; 
ethylene -propylene -diene ternary copolymer rubbers; block 
copolymers, such as a styrene-butadiene block copolymer 
and a styrene-isoprene block copolymer; and hydrogenation 
products of the above-mentioned polymers. Among these *Q 
polymers, preferred are polybutadiene, a styrene-butadiene 
copolymer rubber, an acrylonilrile-buladiene copolymer 
rubber and poly( butyl acrylate). 

The cyanide -containing, graft copolymer (C) can be pro- 
duced by graft polymerizing aromatic vinyl compound (c-l) ,*5 
and vinyl cyanide compound (c-2) onto the above- 
mentioned rubbery polymer (c-3). If desired, one or more 
compounds selected from the group consisting of (mcth) 
acrylic acids, such as acrylic acid and methacrylic acid; alkyl 
(meth)acrylates, such as methyl (meth)acrylate, ethyl (meth) 40 
acrylate, propyl (meth)acrylate, butyl meth(acrylaie), 
2-ethyl (meth)acrylate and 2-ethylhexyI methacrylate; a,p- 
unsaturated carboxylic acids, such as maleic anhydride; 
maleimide compounds, such as N-phenylmaleimide, 
N-methylmaleimide and N-cyclohexylmaleimide; and gly- 45 
cidyl group-containing monomers, such as glycidyl 
methacrylate, can also be graft polymerized onto the rubbery 
polymer (c-3). ITie component (C) can be produced by a 
graft polymerization, for example by employing an emul- 
sion polymerization method, a bulk polymerization method, 50 
a suspension polymerization method, a bulk-suspension 
polymerization method and a solution polymerization 
method. Among these methods, an emulsion polymerization 
method is especially preferred. 

In the cyanide -containing, graft copolymer (C), the con- 55 
tent of the rubbery polymer (c-3) is generally in the range of 
from 10 to 85% by weight, preferably from 30 to 82% by 
weight, more preferably from 40 to 80% by weight. When 
the amount of the rubbery polymer (c-3) is less than 10% by 
weight, the improvement in impact resistance of the resin mi 
composition lends lo be lowered. On the other hand, when 
the amount of the rubbery polymer (c-3) exceeds 85% by 
weight, the dispersibtlity of the component (O) in the resin 
composition lends to become unsatisfactory. When a buta- 
diene polymer is used as the rubbery polymer (c-3), it is o5 
preferred that the butadiene polymer has a butadiene content 
of 50% bv weight or more. 



There is no particular limitation with respect to the weight 
ratio of the component (c-l ) to the component (c-2), namely 
the (c-l )/(c-2) ratio, and the (c-l)/(c-2) ratio can be selected 
depending on the utility of the final resin composition. In 
general, the (c-l)/(c-2) ratio is in the range of from 90/10 to 
60/40, preferably from 85/15 to 65/35, more preferably from 
80/20 to 70/30. 

The most preferred cyanide -containing, graft copolymer 
(C) to be used in the present invention is a particulate graft 
1 copolymer obtained by emulsion polymerization. It is pre- 
ferred that the particulate graft copolymer has an average 
particle diameter of from 0.1 to 1.5 /mi, more preferably 
from 0.15 to 0.8 /mi, even more preferably from 0.2 lo 0.6 
mn, and most preferably from 0.25 to 0.4 //m. When the 
average particle diameter of the graft copolymer is less than 
0.1 /mi, the impact resistance of the resin composition tends 
to be lowered. When the average particle diameter of the 
graft copolymer exceeds 1.5 /mi, the appearance of an 
ultimate shaped article obtained from the resin composition 
lends to become poor. 

Specific examples of cyanide-containing graft copoly- 
mers (C) which are preferably used in the present invention 
include an acrylonitrile-butadiene-styrene copolymer 
(ABS), an acrylonitrile-ethylene-propylene-styrene copoly- 
mer (AES), an acrylonitrile-chlorinatcd polyclhylcne- 
styrcne copolymer (ACS) and an acrylonitrilc-acrylic elastic 
polymer-styrene copolymer (AAS). 

In the resin composition of the present invention, the 
above-mentioned cyanide-containing graft copolymers to be 
used as the component (C) can be used individually or in 
combination of two or more different copolymers having 
different particle diameters and/or structures. 

In the resin composition of the present invention, the 
component (C) is used in an amount of from 0.5 to 30 parts 
by weight, preferably from 1 to 20 parts by weight, more 
preferably from 3 to 15 parts by weight, relative to 100 parts 
by weight of the total amount of the components (A), (B), 
(C) and (D). When the amount of the component (C) is less 
than 0.5 part by weight, the improvement in impact resis- 
tance of the final resin composition becomes unsatisfactory. 
When the amount of the component (C) is more than 30 
parts by weight, the melt fluidity and rigidity of the resin 
composition become unsatisfactory. 

The component (0) used in the present invention is a 
(meth)acrylate-containing, graft copolymer which is 
obtained by copolymeri/ing an aromatic vinyl compound 
(d-1) and an alkyl (melh)acrylale (d-2) in the presence of a 
rubbery butadiene polymer (d-3). In the present invention, 
the (meth)acrylate-containing, graft copolymer (D) is an 
essential component for improving both the melt fluidity and 
the impact resistance of the resin composition. The polycar- 
bonate resin composition of the present invention which 
comprises not only a cyanide-containing, graft copolymer 
(C), but also a (meth)acrylate-containing, graft copolymer as 
a graft rubber component, exhibits less yellowing as com- 
pared to a resin composition comprising only the component 
(C) as a graft rubber component. 'Hie advantageously low 
level of yellowing of ttie resin composition of the present 
invention leads to an improvement in tinting by a dye or a 
pigment. Furthermore, the weld strength of the resin com- 
pos i lion can be improved by l he use of I he ( meth )a cry tale - 
containing, graft copolymer (D). 

As an aromatic vinyl compound (d-1 ), the same aromatic 
vinyl compounds as used for producing the component (B) 
can be used. 

Specific examples of an alkyl (meth)acrylate (d-2) include 
methyl (mcjh)acrylalc, ethyl (meth )acry late, propyl (meth) 
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acrylate, butyl (melh)acrylalc, 2-clhyl (met h)acry late and 
2-cihylhcxyl m e t h aery late. 

It is pre ferretl that the rubbery butadiene polymer (d-3) 
has a butadiene content of 50% by weight or more. It is also 
preferred that the rubbery butadiene polymer (d-3) has a 5 
glass transition temperature- of -20° ('. or lower, more 
preferably -30° C. or lower, most preferably -50° (.'. or 
lower. The component (d-3) may be a butadiene homopoly- 
mer (poly butadiene) or a butadiene copolymer obtained by 
copolymorizing butadiene with a monomer or cross! inking 1( 
agent which is eopolymeri/able with butadiene. 

Preferred examples of such a rubbery butadiene polymer 
(d-3) include polyhutadicnc, a styrcne-huladiene copolymer 
rubber, an acrylonilrile-butadiene copolymer rubber and a 
butadiene -butyl aery I ate copolymer rubber. Among these 13 
polymers, polybutadiene and a styrene-butadiene copolymer 
rubber are especially preferred from the viewpoint of 
improvement in both the melt 11 u id it y and the impact resis- 
tance of the resin composition. 

ITie amount of the rubbery butadiene polymer (d-3) in the 
(meth)acrylate-containing, graft copolymer (D) is generally 
from 65 to 90%, by weight, preferably from 70 to 85% by 
weight, more preferably from 75 to 83% by weight, based on 
the weight of the component (D). When the amount of the 
rubbery butadiene polymer (d-3) is less than 65% by weight, -> 5 
the improvement in impact resistance of the resin compo- 
sition tends to be lowered. On the other hand, when the 
amount of the rubbery butadiene polymer (d-3) exceeds 90% 
by weight, the dispersibility of the component (D) in the 
resin composition tends to be lowered. M) 

It is preferred that the weight ratio of the aromatic vinyl 
compound (d-l) to the alkyl (meth) aery late (d-2) in the 
component (I)), namely the (d-l)/(d-2) ratio, is in the range 
of from 80/20 to 5/95. When the (d- 1 )/(d-2) ratio is outside 
the above-mentioned range, the improvement in impact 35 
resistance of the resin composition becomes unsatisfactory. 
The (dl)/(d-2) ratio is more preferably in the range of from 
60/40 to 10/90, most preferably from 50/50 to 20/80. 

The (mcth)acry late -containing, graft copolymer (D) can 
be produced by graft polymerizing the aromatic vinyl com- 4u 
pound (d-t) and the alkyl(meih)acrylate (d-2) onto the 
rubbery butadiene polymer (d-3). If desired, one or more 
compounds selected from the group consisting of a (meth) 
acrylic acid, such as acrylic acid and methaerylic acid; an 
a,p -unsaturated carboxylic acid, such as maleic anhydride; 45 
a maleimide compound, such as N-phenylmaleimide, 
N-methylmaleimide and N-cyclohexylmaleimide; and a gly- 
cidyl group-containing monomer, such as glycidyl meth- 
acrylate can be also graft polymerized onto the aromatic 
vinyl compound (d- L). The component (D) can be produced 5U 
by a graft polymerization, for example by employing an 
emulsion polymerization method, a bulk polymerization 
method, a suspension polymerization method, a bulk- 
suspension polymerization method or a solution polymer- 
ization method. Among these methods, an emulsion poly- 55 
merization method is especially preferred. 

As examples of modes for producing the component (D) 
by emulsion polymerization, there can lie mentioned the 
following niodes ( 1) lo (3): 

(1) a mode in which the components (d-l) and (d-2) are () o 
simultaneously graft copolymerized onto rubbery buta- 
diene polymer (d-3); 

(2) a mode in which the component (d-l) is graft copo- 
lymerized onto die rubbery butadiene polymer (d-3), 
thereby obtaining a graft copolymer and, then, lite us 
component (d-2) is graft copolymerized onto the 
obtained graft copolymer; and 



(3) a mode in which the component (d-2) is graft copo- 
lymerized onto the rubbery butadiene polymer (d-3), 
thereby obtaining a graft polymer and, then, the com- 
ponent (d-l) is graft copolymerized onto the obtained 
graft copolymer. 
In the present invention, ihe component (I)) obtained by 
the above -mentioned mode (2) is especially preferred from 
the viewpoint of the improvement in both the melt fluidity 
and the impact resistance of the resin composition. 
Moreover, it is most preferred that methyl met hacry late is 
used as the component (d-2). 

When the dispersion morphology of the resin composition 
of the present invention (which comprises the above- 
mentioned (meth)acrylate-containing, graft copolymer (D)) 
is observed under a transmission electron microscope 
(TEM), it was found that the (met h)acry late-containing, 
graft copolymer (D) is present not only in the domains 
formed by the copolymer (H), but also in the aromatic 
polycarbonate resin (A) which constitutes the matrix of the 
resin composition (See FIG. 2 which is a TEM photomicro- 
graph of the resin composition obtained in Example 4). On 
the other hand, a resin composition containing only the 
cyanide-containing, graft copolymer (C) as a graft rubber 
component has a dispersion morphology in which almost all 
of the component (C) is dispersed in the copolymer (B). 
Therefore, almost no rubber component is dispersed in the 
polycarbonate (See FIG. 3 which is a TEM photomicrograph 
of the resin composition obtained in Comparative Example 
2). It is considered that such a dispersion morphology of the 
resin composition of the present invention greatly contrib- 
utes to the excellent melt fluidity and excellent impact 
resistance of the resin composition. 

In (he present invention, it is preferred that the (meth) 
.acrylate-eontaining, graft copolymer (D) is in a particulate 
form and has an average particle diameter of from 0. 1 to 1 .5 
/«n, more preferably from 0.15 to 0.8 /mi, still more pref- 
erably 0.2 to 0.6 //m. A particulate (meth)acrylatc- 
containing, graft copolymer (D) can be obtained by the 
above-mentioned emulsion polymerization method. When 
the average particle diameter of the component (D) is less 
than 0. 1 //m, the impact resistance of the resin composition 
tends to be lowered. When the average particle diameter of 
the component (D) exceeds 1.5 </m, the appearance of an 
ultimate shaped article obtained from Ihe resin composition 
tends to become poor. 

In producing the (meth)acrylate-conlaining, graft copoly- 
mer (I)) by emulsion polymerization, use is made of a 
polymer latex which contains component (d-3) in a particu- 
late form. The component (d-3) may be either in the form of 
particles having a relatively large particle diameter (i.e., 0.05 
to 1 //m) or in the form of grown grains which are obtained 
by coagulating the microparticles (i.e., particles having a 
primary particle diameter of from 0.01 to 0.15 //m). The 
component (d-3) may have a broad particle diameter distri- 
bution and it may be a mixture of those particles which have 
greatly differing particle diameters. 

In general, when the component (D) is produced by 
emulsion polymerization, a solidification process is per- 
formed for separating the desired (meth)acrylate-eontaining, 
graft copolymer (0) from Ihe polymer latex produced by a 
polymerization process. In the present invention, a (nielh) 
acrylate-eontaining, graft copolymer obtained by a .solidifi- 
cation process using an acid instead of a metal salt (such as 
aluminum sulfate, magnesium sulfate and calcium chloride) 
is preferred as the component (D). 

Specific examples of ihe component (D) which are pref- 
erably used in the resin composition of the present invention 
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include "Me talMcn C-223A" and "Metablen C-323A" (both 
manufactured and sold by Mitsubishi Rayon Co., Ltd., 
Japan),and "Kane Ace M-51 T and "Kane Ace B-5(>4" (both 
manufactured and sold by KANEKA CORK, Japan). 

In the present invention, the above-mentioned (inelh) 
acrylale-conlaining, graft copolymers can be used individu- 
ally or in combination as the component (I)). The amount of 
the component (D) is in the range of from 0.5 to 30 parts by 
weight, preferably from 1 to 20 parts by weight, more 
preferably from 3 to 15 parts by weight, relative to 100 parts 
by weight of the total amount of the components (A), (li), 
(C) and (D). When the amount of the component (D) is less 
than 0.5 part by weight, the improvement in impact resis- 
tance of the resin composition becomes unsatisfactory. 
When the amount of the component (D) exceeds 30 parts by 
weight, the melt lluidity and the rigidity of the resin com- 
position become unsatisfactory. 

'I lie re is no particular limitation with respect to the ratio 
of the component (C) to the component (0), namely the 
(C)/(0) ratio in the resin composition. However, it is pre- 
ferred that the (C)/(D) ratio in terms of the weights of 
components (C) and (D) is in the range of from 00/10 to 
40/60, more preferably from 85/15 to 50/50, still more 
preferably from 80/20 to 60/40. The total amount of the 
components (C) and (D) is from 1 to 40 parts by weight, 
preferably from 3 to 30 parts by weight, more preferably 
from 5 to 20 parts by weight, relative to 100 parts by weight 
of the total amount of the components (A), (H), (C) and (D). 

The component (E) of the present invention is at least one 
organic phosphorus compound oligomer. The organic phos- 
phorus compound oligomer which is used in the present 
invention is a compound containing two or more phosphorus 
atoms. 

As an example of the component (E) used in the present 



mentioned substituents (for example, an arylalkoxyalkyl 
group) and a group obtained by combining the above- 
mentioned substituents through an oxygen atom, a sulfur 
atom, a nitrogen atom and the like (for example, an 
5 arylsulfonyl-aryl group). 

Examples of aryl groups R", R'', R' and R'' which are 
especially pre ferret! in the present invention include a phe- 
nyl group, a cresyl group, a xylyl group, a propylphenyl 
group and a bulylphenyl group. When each of the groups 
it) R*, R l and R f/ in the compound represented by formula ( 1) 
is an alkyl group or an eyeloalkyl group, the thermal stability 
of the compound is generally unsatisfactory and such a 
compound is likely to be decomposed during melt kneading. 
As mentioned above, the X group in the above-mentioned 
15 formula (1) is a diphcnyloldimelhylmelhane group. In most 
of the oligomeric phosphoric esters conventionally used in 
the art, the group corresponding to the X group in the 
above-mentioned formula is a resorcinol group or a hydro- 
quinone group. Contrary to such an oligomeric phosphoric 
2(» ester, the compound preferably used as the component (E) in 
the present invention, namely the compound represented by 
formula (J) (wherein X is a diphenyloldimethylmethane 
group), has improved hydrolysis resistance and thermal 
stability. Therefore, when a resin composition of the present 
25 invention is produced using such an organic phosphorus 
compound as component (E), the lowering of mechanical 
properties (especially the lowering of the mechanical prop- 
erties under high temperature and high humidity conditions) 
of the produced resin composition is greatly suppressed. By 
3D virtue of such advantageous properties, the reliability of the 
resin composition becomes remarkably enhanced. 
Furthermore, by using the organic phosphorus compound 
represented by the above-mentioned formula (1), it becomes 
possible to reduce the amount of the mold deposit (MI)) 



invention, there can be mentioned a compound selected 35 adhering to the surface of a mold during the molding of the 



from the group consisting of compounds individually rep- 
resented by the following formula: 



(i) 



R a — (0)j- 



wherein: 
X represents 




X O P j-(0)s— R d 



resin composition to a remarkably low level, as compared to 
that of a resin composition containing a conventional oli- 
gomeric phosphoric ester. 

In the present invention, it is especially preferred that each 
40 of the groups R", R'\ R ,: and R'' in formula (t) independently 
represents a phenyl group or a xylyl group, with the proviso 
that each of the compounds of formula (1) contains at least 
one phenyl group and at least one xylyl group (such a 
compound is hereinafter, frequently referred to as "a com- 
45 pound of formula (1) comprising both a phenyl group and a 
xylyl group"). Hy the use of such an organic phosphorus 
compound (i.e., a compound of formula (1) comprising both 
a phenyl group and a xylyl group) as the component (E), the 
heat resistance of the resin composition can be further 
50 improved and the occurrence of MD can be reduced to a 
lower level. In the above-mentioned compound of formula 
(1) comprising both a phenyl group and a xylyl group, it is 
preferred that the ratio of the xylyl group to the phenyl group 
is in the range of from 1:1 to 1:3, for obtaining an excellent 
55 balance of Hame re tarda ncy, heat resistance, impact resis- 
tance and melt lluidity. As a xylyl group, a 2,6-xylyl group 
is especially preferred from the viewpoint of heat resistance 
and hydrolysis resistance. Contrary to a resin composition 
produced using a compound of formula (1 ) comprising both 
At least one hydrogen atom of each of the groups R", R*, m) a phenyl group and a xylyl group, when a compound is used 
IV and R'' in formula (I) above may be unsubsiiiutcd or in which all of R", R*, R ,; and R (/ in formula (1) are phenyl 
independently substituted with a substituent. When at least groups, the heat resistance of ihe resin composition tends to 
one hydrogen atom is substituted by a substituent, examples become slightly poor, and when a compound is used in 
of such substituents include an alkyl group, an alkoxy group, which all of groups R", R'', R c and R'' in formula (1) are 
an alkylthio group, a halogen atom, an aryl group, an o5 xylyl groups, the tlaine relardancy of the resin composition 
aryloxy group, an arylthio group and a balogenated aryl tends to become slightly poor. An organic phosphorus corn- 
group, and a group obtained by combining the above- pound of formula ( I) comprising both a phenyl group and a 




each of R", R'\ R c and R ,y independently represents a 

C 6 -C\ 0 aryl group; 
n represents an integer of I to 5; and 
each of j, k, 1 and m independently represents 0 or 1. 
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xylyl group can he produced by a method described in 
Unexamined Japanese Patent Application Laid -Open Speei- 
licalion No. 9-12587. A compound having a desired struc- 
ture can be produced selectively and efficiently by thai 
method. 

'I Tie organic phosphorus compound oligomer (E) repre- 
sented by formula (1) is frequently a mixture of a plurality 
of organic phosphorus compound oligomers having different 
n values in formula (I) (wherein n is a natural number). In 
l he present invention, it is preferred that the weight average 
polymerization degree (N) of the plurality of organic phos- 
phorus compound oligomers is in the range of from I to less 
than 1.2. The weight average polymerization degree N is 
determined as follows. First, the respective weight fractions 
of component compounds having different n values are 
determined by gel permeation chromatography or liquid 
chromatography. Then, the N value is calculated as the 
weight average of the different n values. The chromatogra- 
phy is conducted using a U V detector or an RI detector as 
a detector. When a compound represented by the above- . 
mentioned formula (1) in which the n value is 0 (i.e., an 
organic phosphorus compound containing only one phos- 
phorus atom in the molecule thereof) is used together with 
the component (E) represented by formula (1) above (in 
which n is 1 to 5), the compound having an n value of 0 is : 
excluded from the calculation of the N value. The weight 
average polymerization degree N is generally in the range of 
from 1 to 5, preferably from i to 2, more preferably from 1 
to 1.5, most preferably from 1 less than 1.2. The compat- 
ibility of the component (E) with the resin, and the melt ; 
fluidity and the tlame retardancy of the final resin compo- 
sition are improved as the N of the component (E) decreases. 
Especially, the resin composition containing a compound 
having an N value of 1 exhibits an excellent balance of flame 



heat resistance of the resin composition become lowered. 
The amount of the component (E) is preferably in the range 
of from 0.5 to 20 parts by weight, most preferably from 5 to 
IS parts by weight. 

It is preferred that an anti-dripping agent is used together 
with the component (E). Examples of aiili-drippiug agents 
include a lelralluoroelhylenc polymer, such as polytelralluo- 
roethylene and a tetralluoroelhylenepropylene copolymer; n 
pcrtluoroalkano polymer other than a tetralluoroethylene; a 
) silicone rubber; a polycarbonatediorganosiloxane copoly- 
mer; siloxanepolyetherimidc; a liquid crystal polymer; and a 
silicone -aery lie rubber. As an anti-dripping agent, preferred 
is a tetralluoroethylene polymer and most preferred is poly- 
tetralluoroethylene. The tetralluoroethylene polymer is pro- 
duced by suspension polymerization or emulsion polymer- 
ization as described, for example, in *'Fusso Jushi Ilando 
Bukku (Fluororesin Handbook)", published in 1°90 by the 
Nikkan Kogyo Shim bun Ltd., Japan). 1 1 is preferred that the 
amount of the anti-dripping agent is from 0.01 to 3 parts by 
weight, more preferably from 0.05 to 2 parts by weight, 
relative to 100 parts by weight of the total of the components 
(A), (B), (C) and (D). When the amount of the anti-dripping 
agent is less than 0.01 part by weight, the dripping- 
preventive effect becomes unsatisfactory and high tlame 
retardancy cannot be obtained. When the amount of the 
anti-dripping agent exceeds 3 parts by weight, the mold- 
ability and rigidity of the resin composition are lowered. 

Further, flame retardants other than the component (E) 
can be used together with the component (E) in amounts 
which are generally used in various conventional aromatic 
polycarbonate resin compositions. Examples of tlame retar- 
dants other than the component (E) include nitrogen- 
containing organic compounds, such as a me la mine; inor- 
ganic compounds, such as magnesium hydroxide and 



retardancy and melt fluidity. A compound represented by .*5 aluminum hydroxide; metal oxides, such as antimony oxide, 

formula (1) which has an N value of 5 or more has a high bismuth oxide, zinc oxide and tin oxide; red phosphorus; 

viscosity, and when such a compound is used as the com- inorganic phosphorus compounds, such as phosphinc, 

ponent (E) of the resin composition, the melt fluidity of the hydrophosphorous acid, phosphorous acid, metaphosphoric 

resin composition tends to be lowered, especially in the acid, pyrophosphoric acid and phosphoric anhydride; 

region where a high shear rate is achieved. Also the flame 40 expanded graphite; silica; and fused silica glass, 

retardancy of the resin composition tends to be lowered. In order to modify the properties of the resin composition, 

Further, with respect to the component (E) used in the inorganic fillers, such as glass fibers, glass flakes, glass 

present invention, it is preferred that the acid value is less beads, calcium carbonate, talc and mica; and 

than 1 mg KOH/g, more preferably less than 0.7 mg KOII/g, reinforcements, such as carbon libers, and charcoal, can be 

still more preferably less than 0.4 mg KOH/g, and an acid 45 added to the resin composition. The tillers and the reinforce- 



value of less than 0.1 mg KOI I/g is especially preferred. 
From the studies made by the present inventors, it was found 
lhat the hydrolysis rate of an organic phosphorus compound 
depends greatly upon the temperature and the initial acid 
value of the organic phosphorus compound. Therefore, a 
resin composition having a high environmental deterioration 
resistance, that is, a resin composition which is free from a 
lowering in physical properties under high temperature and 
high humidity conditions, a lowering in physical properties 
during the molding process (such as repeated compounding 
and injection molding) and the like, can be obtained by using 
an organic phosphorus compound having a low initial acid 
value as a 11 a mo retardant. 

Ilie amount of the organic phosphorus compound oligo- 
mer (E) contained in the resin composition is chosen 
depending on the desired level of llame retardancy, but it is 
generally used in the range of from 0. 1 to 30 parts by weight, 
relative to 1 00 parts by weight of the total of the components 
(A), (B), (C) and (D). When the amount of the component 
(E) is less than 0.1 part by weight, the flame retardancy 
hecomes unsatisfactory. When the amount of the component 
(E) exceeds 30 parts by weight, the impact resistance and 



ments are preferably used in amounts of from 0.01 to 60 
parts by weight, more preferably from 5 to 55 parts by 
weight, relative to 100 parts by weight of the total of the 
components (A), (B), (C) and (D). 
su Further, if desired, conventional additives may be used, 
such as a heat stabilizer, an antioxidant, a lubricant, an 
antistatic agent, an ultraviolet absorber, a colorant, titanium 
oxide, a surface modi tier, a dispersant and a plastici/er. As 
a heat stabilizer, there can be mentioned a thioether heat 
55 stabilizer, a phosphite heat stabilizer and a phenol heat 
stabilizer having a molecular weight of 500 or more. As a 
thioether heat stabilizer, dialkyl-3,3'-thiodipropionate, 
letrak is[methylene-3-( a Iky Ithio propionate] methane and bis 
[2-metliyl-4-(3-alkyl-lhiopropyoiiyloxy)-5-tertbutylphenyl] 
60 sulfide are preferred. As a phosphite heal stabilizer, a com- 
pound having a penlaerythritol skeleton in the molecule 
thereof is preferred, and especially preferred are di(2,4-di- 
tert-bulylphenyl)pent:ieryihritol di phosphite and bis(2,6-di- 
tcrt-butyl-4-methylphenyl)pentaerythritol di phosphite). As a 
(■5 phenol heat stabilizer, a hindered phenol compound in which 
the properties of a phenolic hydroxyl group are masked and 
which has a molecular weight of 500 or more is preferred. 
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Especially preferred arc n-oetadecyl-3-(3\5'-di-tert-butyl-4'- 
hydroxy phony Opropionatc and irieihylencglycol-his[3-(3- 

ieri-buiyl-5-metlivl-4-hydroxvphenvl)prtipionale]. These 

additives can he used in amounts which are generally used Aeryroniirile unit concern: by weight 

■ , • i i *~ , • Stvrcne unit conEcnl: 75.0'.7> hv weidil 

in various conventional aromatic polycarbonate resin coin- 5 - 

positions. 

Hie re is no particular limitation with respect to the (HAAS) 

method for producing the resin composition of the present Hutyl acrylale-acrylonilrilc-slyrcne copolymer having a 

invention, and conventional methods for producing a resin weight average molecular weight of L 1)0.000 was used as 

composition can he employed. Specifically, a resin compo- iy HAAS. BAAS had the following composition, 
sitkm can he produced by melt blending which comprises 
mixing the essential and optional components of the resin 

composition with each other and melt-kneading and exirud- 

ing the resultant mixture using a single-screw extruder, a ,Jul >' 1 :,CI >' l ; itc intent: io.O'v, by weight 

^ , n 1 ■ , i-i Aa vioniti lie unit content: 21M r o hv weisiht 

twin-screw extruder, a Banbury mixer or the like. SlvraK unll conlcnl: (i3 0 ,. hy VVc ^ hl 

Hie re is no particular limitation with respect to the l? 

method for moldinu (shaping) the polycarbonate resin com- 
position of the present invention. Examples of methods for C omponent (C): Cyanide-containing, Graft Copolymer 
molding the resin composition include extrusion molding, (A.BS) 

compression molding, injection moldinu and gas-assisted A commciciaUy available powdery A BS resin (trade 

injection molding. Among these methods; injection molding 20 ™ mc: f R( " ™nulacUired and sold by Mitsubishi Rayon Co., 

is preferred ' Japan), in which less than 90% of the resin remains on 

' L c L ^ ' r u * • * ... . . ir a 10-mesh sieve, was used as ABS. 

bxamplcs ot shaped articles which can be produced Iron Component (D): (Meth)acrylate-containing, Graft Copoly- 

the resin composition include housings tor hand-held per- mef & r J 

son a I computers, copying machines and printing machines; (MBS1) 

chassis for office automation machines; and housings for 25 A commercially available methyl (meth)acrylatc- 

hand-held telephones. buladienc-slyrene copolymer (trade name: Melablen 

BEST MODE FOR CARRYING OUT THE C-223A, manufactured and sold by Mitsubishi Rayon Co., 

iNVFisrnoNT l- (c '*» J a P iin ) was llscc ' i)S M.BS1. 

(MBS2) 

Hereinbelow, the present invention will be described in A commercially available methyl (meth)acrylate- 

more detail with reference to the following Examples and 30 butadiene-styrene copolymer (trade name: Metablen 

Comparative Examples, which should not be construed as C-323A, manufactured and sold by Mitsubishi Rayon Co., 

limiting the scope of the present invention. Ltd., Japan) was used as MBS2. 

In the following Examples and Comparative Examples, (MBS3) 

polycarbonate resin compositions were produced using the A commercially available methyl (meth)acrylate- 

fol lowing components (A), (B), (C), (D) and (E), except that 35 butadiene-styrene copolymer (trade name: Kane Ace M-5I I, 

the component (D) was not used in Comparative Examples manufactured and sold by KANEKA CORP., Japan) was 

2 and 4 through 8. Further, it should be noted that some Jmr^\ MBS3 * 

component products used herein for comparison do not (MBM) 

satisfy the requirements for the components (A) to (E) of the A . methyl (meth)aerylate-butadiene-styrene copolymer 

polycarbonate resin composition of the present invention; 40 pt °^ hC w f used as MRS4 

* t , ,r . 1 1 r I 6,000 £ ot a polyhutadiene latex (nonvo a i es content: 

however, these comparative components are also classified ^ b ^ h [ V J ic|e Q 2 } J 8()() 

into the components (A) to (fc) tor the sake ot convenience. of deionized water> f 0 y of potassiurn rosin ^ te , 2 .1 g of 

Component (A): Aromatic Polycarbonate ethylenediaminetetraacetic acid (EDTA), 1.8 g of sodium 

V ) formaldehyde sulfoxylate and 0.3 g of iron(ll) sulfate were 

A bisphenol A polycarbonate produced by the molten- ^ p i accc i m a 10-liter glass reactor equipped with an agitator, 

state transesteritication process, which has a weight average thereby obtaining mixture 1. Mixture 1 thus obtained was 

molecular weight (MW) of 20,900 and terminal phenolic heated to 70° C. Mixture 2 consisting of 540 g of methyl 

groups in an amount of 33%, based on the number of all meth(acrylate), 60 g of styrene, 3.6 g of cumene hydroper- 

terminal groups (hereinafter, the percentage is referred to oxide and 2.1 g of t-dodecylmercaptan, and an aqueous 

simply as a "terminal phenolic group ratio"), was used as solution containing 1.8 g of sodium formaldehyde sulfoxy- 

PCl. 50 late were continuously added to mixture 1 in the reactor over 

(PC2) a period of 1.5 hours while agitating the resultant mixture. 

A bisphenol A polycarbonate produced by the molten- After completion of the above-mentioned addition, the 

state iransesleritication process, which has an MW of 20,000 resultant mixture in the reactor was further agitated for I 

and a terminal phenolic group ratio of 35%, was used as hour to thereby mature the polymers. The copolymers con- 

pf> 55 tained in the reaction mixture were solidified by using 

(PCV) sulfuric acid, and the solidified copolymers were washed 

A bisphenol A polycarbonate produced by the molten- and c,rkd 10 lhcrcb y uhtain a ,nclh >' 1 mclhacryaie-buladiene- 

slatetransesterificalion process, which has an M Wof 25,000 styrene copolymer. 

, , . • , , . ,■ , ( omponcnt (h): Organic Phosphorus Compound Oligomer 

and a terminal phenolic group ratio ot 30%, was used as (El) 

t . . . . . ,,n An organic phosphorus compound oligomer represented 

Component (H): opolymer Comprising an Aromat.c Vinyl , formula (1) abov ^ wnefcin a|1 of (hc R ^ R ,. RC 

Monomer Unit (b-1) and a Vinyl Cyanide Monomer Unit and R ./ ;(fC |)hcny , gronpS( was uscd as E[ E , nad a wc j ghl 

C 1 "-) average polymerization degree (N) of 1 .08 and an acid value 

( SAN ) of 0.45 mg KOH/g. 

Acrylonitrile-styrenc copolymer having a weight average o5 (£2) 

molecular weight of 140,000 was uscd as SAN. SAN had the An organic phosphorus compound oligomer represented 

following composition. by formula ( I) above, wherein the ratio of the number of 
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xylyl groups to ihc number of phenyl groups in (he com- 
pound is 1:1, was used as \L2. \L2 had a weight average 
pulvnieri/ation degree (N) of 1.15 and an acid value of 0.03 

Triphcnylphosphalc ( ITP) (manufactured and soltl by 
Daihaehi Chemical Industry Co., Ltd.. Japan) was used as 
E3. 
(114) 

An organic phosphorus compound oligomer represented 
hy formula ( 1) above, wherein all of the groups \V\ \i f \ R' 
and R'' are phenyl groups, was used as E4. 124 had a weight 
average polymerization degree (N) of 1.12 and an acid value 
of 0.09 mg KOI I/g. 
<L5) 

An organic phosphorus compound oligomer represented 
by formula (I) above, wherein all of (he groups R", R /f , R' ; 
and R'' are phenyl groups, was used as E5. 125 had a weight 
average polymerization degree (N) of 1.14 and an acid value 
of U2 mg KOH/g. 
Other Components 
(Fluoro Resin: P ITE) 

A commercially available polytelralluoroethylene (KITE) 
(trade name: Teflon 30J, manufactured and sold by Du 
Pont -Mitsui Fluorochcmical Co., Ltd., Japan; aqueous dis- 
persion type; P'iTE content: 60% by weight) was used as -> 5 
PTFE. 

(Methyl Melhacrylate-butadiene Copolymer: MB) 

A commercially available methyl melhacrylate-butadiene 
copolymer (trade name: Kureha Para lo id EXL2602, manu- 
factured and sold by Kureha Chemical Industry Co., Ltd., 
Japan) was used as MB. 
(Silicone-acrylic Complex Rubber) 

A commercially available silicone-acrylic complex rubber 
(trade name: Metabulen S-2O0I, manufactured and sold by 
Mitsubishi Rayon Co., I .Id., Japan) was used as a silicone- 
acrylic complex rubber. 

A silicone-acrylic complex rubber is a rubbery graft 
copolymer obtained by graft polymerizing methyl methacry- 
latc onto a complex rubber having a network structure in 
which a polyorganosiloxane component and a polyalkyl 
(melh)acrylate rubber component are entangled with each 40 
other. 
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(Methyl Me thaeryl ale-butyl Aery late Copolymer: MHA) 

A commercially available methyl meihacry late-butyl 
acrylale copolymer (Irade name: Kane Ace FM-21, manu- 
factured and sold bv KANE K A CORP., Japan) was used as 
5 MHA. 

EXAMPLES 1 THROUGH 3 AND 
COMPARATIVE EXAMPLE 1 

)() The components (A), (M), (C) and (I)) were mixed with 
each other in the amounts (unil: part by weight) indicated in 
Table 1. The resultant mixture was melt-kneaded using a 
twin-screw extruder (ZSK-25, manufactured and sold by 
Werner & Plleiderer GmbH, Germany) having a cylinder 
temperature of 250° C, and the resultant melt-kneaded 
mixture was subjected to pellelizalion to thereby obtain 
pellets. During the melt-kneading of I he components (A), 
(M), (C) and (D), the component (E), which is a llame 
retardant, was added lo the extruder in the following manner. 
The component (E) was preliminarily heated to *>0° C. and 
was injected into the extruder, by means of a gear pump, 
through an injection nozzle located at the middle of the 
extruder. 

The obtained pellets were subjected to an injection mold- 
ing using an injection molding machine (AUTO-SHOT 50D, 
manufactured and sold by FANUC LTD., Japan) at a mold- 
ing temperature of 240° C, to thereby obtain test specimens 
(thickness: l /m inch or l /iri inch) for evaluating I he (lame 
retardancy of the resin composition. 'Hie level of llame 
retardancy was evaluated by the 500MW Vertical Burning 
JO Test (5VB) described in UL-Subject 94 (thickness of the test 
specimen: '/to inch) and by the 20MM Vertical Burning Test 
described in UL-Subjecl 94 (the evaluations with I he codes 
"V-O", "V-i" and "V-2" were conducted (degree of llame 
retardancy: V-0>V-l>V-2)) (thickness of the test specimen: 
Vid inch). 

The results are shown in Table 1. As is apparent from 
Table 1, the resin composition produced in Comparative 
Example 1 (in which the amount of component (A) was 
outside the range of the present invention) did not exhibit a 
high llame retardancy which is an objective of the present 
invention. 



TABLE 1 



Comp. 

Ex. 1 Ex. 2 \ix. 3 Ex. 1 



Component 


PC J (ports by weight) 


83 


75 


65 45 


(A) 










Component 


SAN (parts by weight) 


8 


10 


1 7 35 












Component 
(O 


A liS (parts by weight) 


6 


7 


J5 17 


Component 


MBS1 (pans by weight) 


Jt 


3 


3 3 


(U) 










Component 


Otganic phosphorus compound (1:2) 


15 


15 


15 15 


(E; 


(parts by weight) 








Other 


\ y VVll (no nvo In tiles content) 


0.3 


0.3 


0.3 0.3 


Component 


(pa its by weight) 








Flame 


500 MW Vertical Burning Test 


5 VB 


5 VB 


— -1) — '1) 


Retar- 


described in Ut. -Subject 04 








dancy 


(Thickness of test specimen: 1/10") 










20 MM Vertical Burning Test 


V-0 


V-I 


V-2 — \2) 




described in UL-Subjecl 94 










(Thickness of rest tpecimen: l/JO") 









Notes: 

* I): The resin composition did not satisfy the lequuemenls for 5 VB. 
*2): The iesin composition did not satisfy (lie le^uiiement.i for V-2. 
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EXAMPLES 4 THROUGH S AND 
COMPARA1IV12 EXAMPLES 2 AND 3 

Using l he formulations indicated in Table 2. pellets of 
polycarbonate resin compositions were produced in the 
same manner as in Examples 1 through 3 and Comparative 
Example I. Using the obtained pellets, the resin composi- 
tions were evaluated as follows. 

( 1) Flame Retardancy 

'ITie obtained pellets of a polycarbonate resin composition 
were dried and subjected to an injection molding at a 
cylinder temperature of 260° C. and a mold temperature of 
65° C to thereby obtain test specimens (thickness: ! /iu inch 
or l /ih inch). The tlame retardancy of a resin composition 
was evaluated by the Vertical Burning Test described in 
UL-Subjeet 94. Specifically, the 50UMW Vertical Burning 
Test described in UL-Subject 94 was conducted using a '/hi 
inch-thick test specimen, and the afterllame time of each of 
the live lest specimens was also measured. The "total 
afterllame lime" is the total of the afterllame limes individu- 
ally measured for the live test specimens (unit: seconds). In 
addition, the 20 MM Vertical Burning Test described in 
UL-Subjeet 94 was conducted using a V\6 inch-thick test 
specimen. 

(2) Melt Flow Rate (MFR) 

ITie melt Mow rate (unit: g/LO min) was measured in 
accordance with ASTM-D1238, at 220° C. for 10 minutes 
under a load of 10 kg, 

(3) Izod Impact Strength 

The Izod impact strength was measured in accordance 
with ASTM-D256, using a notched test specimen having a 
thickness of '/« inch (unit: kgf. cm/cm). The test specimens 
were prepared by subjecting a resin composition to an 
injection molding at a cylinder temperature of 240° C. and 
a mold temperature of 65° C. 

(4) Heat Distortion Temperature (HDT) 

The heat distortion temperature (unit: °C.) was measured 
in accordance with ASTM-D648, using a test specimen 
having a thickness of Vs inch, under a load of 18.6 kgf7em~. 

(5) Stability in Mechanical Properties 

As a supplemental evaluation for determining the stability 
in mechanical properties, the resistance of a resin compo- 
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si I ion to high temperature and high humidity conditions was 
tested as follows. A X A inch -I hick test specimen prepared by 
subjecting a resin composition to injection molding at a 
cylinder temperature of 240° C and a mold temperature of 
65° C was placed under high temperature and high humidity 
conditions lor 200 hours, wherein the temperature was 70° 
(\ and KM (relative humidity) was 95%. Subsequently, the 
Izod impact strength of the resultant lest specimen was 
measured in accordance with ASTM-D256 using a notched 
test specimen (thickness: l A inch) (unit: kgf.cm/cm). In 
addition, the retention of the Izod impact strength, relative to 
the Izod impact strength of an intact test specimen, was 
determined for the test specimen placed under high tem- 
perature and high humidity conditions. A retention of 100% 
means thai the Izod impact strength did not decrease even 
after placing the test specimen under high temperature and 
high humidity conditions, 
(6) Evaluation of Mold Deposit (MD) 

Tesi specimens (weight: 4 g) were continuously produced 
by subjecting a polycarbonate resin composition to a con- 
tinuous injection molding using an injection molding 
machine (NUGAfA CN75, manufactured and sold by NII- 
GAfA ENGINEERING CO., LIT)., Japan) under the fol- 
lowing conditions: cylinder temperature: 260° C, mold 
temperature: 40° C, injection time: 3 seconds, cooling time: 
1.2 seconds, interval time: 2 seconds and molding cycle: 8.3 
seconds. The surface conditions of the mold individually 
after 100 shots, 500 shots, 1 ,000 shots and 2,000 shots were 
evaluated by visual observation. The level of MD was 
evaluated in accordance with the following criteria. 



©: 


MD did nol occur during 2.000 .shots. 




MO occurred between the 1,001st shot and 




I.OOOth shot. 


A: 


MD occurred between the 10 1st shot and 




the I,Uu0th shot. 


X: 


MD occurred during the first 100 shots. 



The results of the above-mentioned evaluations are shown 
in Table 2. 



TABLE 2 



Component 


PCI (parLs by weight) 




(A) 






Component 


SAN (parts by weight) 




03) 


HAAS (parts by weight) 




Component 


ABS (parts by weight) 




CQ 


MUSI (pa its hy weight) 




Component 


M BS2 (parts by weight) 




(D) 


MBS3 (parts by weight) 




Component 


Organic phosphorus compound (parts by 


weight) 


(if) 


Organic phosphorus compound (1:2) (parts by 


weight) 




Organic phosphorus compound (1:3) (parts by 


weight) 


Other 


I'lTE (nonvolaiilcs content) (parts by weighty 




component 






Pro par- 


500 MW Ver'icnl Burning Test described in CI.- Subject 94 


ties 


( Thickness of lest specimen: 1/ 10") 






total after (lame time (set;) 






20 MM Vertical Burning Test described in VL 


-Subject 04 




(Thick ne ks of It st specimen: l ; lo") 





Ex.4 


Ex.5 


Ex.6 


Ex.7 


Ex.S 


Comp. 
Ex.2 


Comp. 
Ex.3 


SO 


75 


85 


85 


90 


80 


80 


10 


12 


5 


5 
7 


5 


10 


10 


7 
3 


9 
4 


7 
3 


3 
2 


JO 


7 
3 


J 3 

0.3 


15 
0.3 


15 
0.3 


15 
0.3 


i: 

0.3 


13 

0.3 


13. 
0.3 


5 VB 


5 VB 


5 VB 


5 VB 


5 VB 


5 VB 


5 VH 


35 

v-o 


40 

v-o 


v-o 


:7 
v-o 


25 
V-O 


43 

V-O 


28 
V-() 
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I'AUI.i; 2-comimicd 





fix .4 


|{v.5 


l:x.6 


l'X.7 


tix.s 


< 'nnip 
l:\.2 


< *omp 
Kx.3 


MrR (g/10 mm) 


42 


55 


IS 


42 


35 


35 


58 


Izcul impact Mtrcngih (kgl'-cm/cmj 


48 


51 


53 


54 


55 


12 


5<S 


('lliicknass of test specimen: l/S") 
















nm* f C.) 


83.5 


S2.5 


NS.5 


SO. 2 




S3. 2 


7'V.5 


Ui'si stance in high temp. ;ind high humklitv 
















(71) : 0. <)5 KM'*) 
















l/i.nl imparl strength measured after 


13 


15 




25 


V) 


4 


l.S 


pliu'ing a test specimen tinder high 
















temp, and high humidity conditions fur 
















21)0 hrs. (kgt'em/cm ) 
















OTiieknes-s of lest .specimen; 1/4") 
















Retention ol (zed impact strength ('>) 


4N 


53 


70 


73 




42 


00 


(Vcuncnce of MD 






0 


o 


0 




X 



The resin composition produced in cacti ol" examples 4 to 
S had not only a high Maine retardaney, hut also a high mull 
fluidity, a high impact resistance and a high thermal stability. 
In addition, the resin composition had an excellent stability 
in mechanical properties and the occurrence of MD was 
small. Especially, the resin composition produced in each of 
Examples 6, 7 and N had excellent thermal resistance and 
excellent stability in mechanical properties, and the occur- 
rence of MD was greatly suppressed. 

On the other hand, the resin composition produced in 
Comparative Example 2 (in which a component (D) was not 
used) had poor impact resistance, and the resin composition 
produced in Comparative Example 3 (in which a monophos- 
phoric ester (TPP) was used as a Ma me retardant) suffered a 
large occurrence of MD. 

As is apparent from FIG. 2 which is the TEM photomi- 
crograph of the resin composition produced in Example 4, in 
the present invention, the rubber-containing component (D) 
(i.e., the black or dark gray dots shown in the TEM photo- 
micrograph of FIG. 2) is dispersed not only in the domains 
formed by the component (B) (i.e., the white domains shown 
in the TEM photomicrograph of FIG. 2), but also in the 
component (A) which forms the matrix of the resin compo- 
sition. On the other hand, as is apparent from FIG, 3 which 
is the TEM photomicrograph of the resin composition 
produced in Comparative Example 2 (in which the rubber- 
containing component (D) was not used), almost all of the 
rubber-containing component (C) (i.e., the black or dark 
gray dots shown in the TEM photomicrograph of FIG. 3) is 
dispersed in only the domains formed by the component (B) 
(i.e., the white domains shown in the TEM photomicrograph 
of FIG. 3) and, therefore, almost no rubbery component is 
dispersed in the component (A). 



0[) The above-mentioned dispersion morphology of the resin 
composition of the present invention is considered to greatly 
contribute to an excellent melt stability and an excellent 
impact resistance. 

25 EXAMPLES 0 THROUGH 12, COMPARATIVE 
EXAMPLES 4 THROUGH 7 

Using the formulations indicated in Table 3, polycarbon- 
^ ate resin compositions were produced in the same manner as 
in Examples I through 3. MFR values (220° C. wiih a load 
of 10 kg) and Izod impact strengths (notched specimen, v 3 
inch thick) of the produced resin compositions were evalu- 
ated in the same manner as in Examples 9 to 12. 

as 

The results are shown in Table 3. 

Further, FIG. 1 has been prepared using the results of the 
evaluation of the resin composition produced in each of 
Examples 9 through 12 and Comparative Examples 4 
through 7. FIG. 1 is a graph showing the relationship 
between the rubbery polymer content (unit: % by weight) of 
the resin composition, relative to 100 parts by weight of the 
resin composition (the total amount of the components (A), 
45 (B), (C) and (D) is 100 parts by weight), and the melt (low 
rale (MFR) and impact resistance (Izod impact strength) of 
the resin composition. As is apparent from FIG. 1, the resin 
composition produced in each of Examples 4 through 8 (in 
which the components (C) and (D) were used in combina- 
tion as a graft rubbery component) showed an excellent 
balance between the melt fluidity and the impact resistance, 
as compared to that of a resin composition produced in each 
of Comparative Examples 4 to 7 (in which only component 
(C) was used as a graft rubbery component). 
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■x. 11 


l:x. 12 


lix. 4 


l-x. 5 


lix. 6 


lix. 7 


SO 


SO 


SO 


Hi) 


so 


su 


10 


9 


12 


to 


,s 


0 


7 


8 


a 


10 


12 


14 



* 'oniponeiU KC2 (parts by weight) 
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Component SAN (parts bv weight J 

C-tmponeni ABS (parts by weight) 
It') 
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47 
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EXAMPLES 13 THROUGH 15 

Using the formulations indicated in Table 4, polycarbon- 
ate resin compositions were produced in the same manner. 25 
as in Examples L through 3. The manner in which the Izod 
impact strengths (notched specimen, inch thick) of the 
produced resin compositions change with time under high 
temperature and high humidity conditions (60° C, 85 RH 
%) was evaluated. 30 

The results are shown in Table 4. 

As is apparent from Table 4, the degree of improvement 
in resistance to the high temperature and high humidity 
conditions increases in accordance with the decrease in the 15 
acid value of the component (E) used in the resin compo- 
sition. 



EXAMPLE 16 AND COMPARATIVE 
EXAMPLES 8 

Using the formulations indicated in Table 5, polycarbon- 
ate resin compositions were produced in the same manner as 
in Examples 1 through 3. The manner in which the Izod 
impact strengths (notched specimen, X A inch thick) of the 
produced resin composition change with time under high 
temperature and high humidity conditions (60° C, 85 % RH 
(relative humidity)) was evaluated. 

As a result, it was found that the resin composition 
produced in Example 16 (in which components (C) and (D) 
were used in combination as a graft rubbery component) had 
a stable mechanical property, as compared to that of the resin 
composition produced in Comparative Example 8 (in which 
only component (C) was used as a graft rubbery 
component). 



TABLE 4 



Ex. 13 Ex. 14 Ex. 15 



Component (A) 


PCI (parts by weight) 


82 


82 


82 


Component (B) 


SAN (parts by weight) 


8 


8 
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Component (C) 


ABS (parts by weight) 


7 


7 


7 


Component (D) 


MBS1 (pa its by weight) 


3 


3 


3 


Component (IS) 


Organic phosphorus compound (El) 
(parts by weight) 


14 








Organic phosphorus compound (1*4) 




14 






(parts by weight) 










Organic phosphorus compound (1:5) 






14 




(parts by weight ) 








Othei component 


PTW: (non vo la tiles content) 
(parts by weight) 


0.3 


0.3 
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Resistance tu the high temp, and 


f) hour 


52 


54 


49 


high humidity conditions 


50 hours 


46 


50 


42 


(Izod impact strength (kgf-cm/cm) 


100 hours 


40 


47 


35 


mcasujed after placing the test 


200 houis 


36 


43 


28 



specimen under high temp., high 
humidity conditions (60' C 85 RH '>) 
for prcsciibed poind of time) 
(notched specimen: thickness: 1/8") 
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Rx. lh 


* \>mp. 

\x. s 


Component (A) 


PC.? (pa i ts by weight) 


75 


75 


Component (lit 


SAN (parts by weigh I) 


12 


12 


Component (C) 


A US (pans by weight) 


10 


13 


Component (D) 


MliSl (parts by weight) 


3 




Component (II) 


Organic phosphorus compound (1:1) 


14 


14 




(parts by weight) 






tit her component 


PTl-'R (nonvo la tiles content) 


u.3 


0.3 




(parts by weight) 






Resistance to the high temp. and 


(1 hours 


68 


07 


high humidity conditions 


50 hums 


62 


45 


(1/od impact stienglh (kgf ■ cm/cm) 


100 hours 


52 


Jt5 


measured after p hieing the lest 


ZOO hours 


48 


28 


specimen tinder high icmp., high 


400 hours 


40 


lb 



humidity eondifion.s (fit)'"' C, 85 R II '.?>) 
for presciibed period of time) 
(notched specimen; thickness: I'S") 



EXAMPLES 17 AND 18, AND COMPARATIVE 
EXAMPLES 9 THROUGH il 

Using the formulations indicated in Table 6, polycarbon- 
ate resin compositions were produced in the same manner as 
in Examples 1 through 3. The tlame retard a ncies and MLR 
values (220° C. with a load of 10 kg) of the produced resin 
compositions were evaluated in the same manner as in 
Examples 4 through 8. Further, the Izod impact strengths 
and residential Izod impact strengths were measured using 
Vs inch-thick test specimens (notched specimen). The resi- 
dential Izod impact strength is the Izod impact strength of a 
test specimen which has been prepared after allowing a resin 
composition to reside inside a molding machine (cylinder 
temperature: 240° C) for 10 minutes. 

Hie results are shown in Table 6. 



20 

by weight, and the weight ratio of styreiie to methyl meth- 
acrylatc in MBS1 is 50/50 (the total content of the grafted 
polymers in MBS1 is approximately 20% by weight). MBS4 
used in Example 18 is a copolymer obtained by graft 

25 polymerizing styrene and methyl methacrylate onto a rub- 
bery butadiene polymer, wherein the content of the rubbery 
butadiene polymer in MBS4 is approximately 80% by 
weight, and the weight ratio of styrene to methyl methacry- 
late contained in MBS4 is JO/90 (the total content of the 

30 grafted polymers in MBS4 is approximately 20% by 
weight). The resin composition produced in each of 
Examples 17 and 18 had an excellent flame retardancy and 
an excellent Izod impact strength. Further, each resin com- 
position had an excellent residential Izod impact strength. 

On the other hand, MB used in Comparative Example 9 
is a styrene -free copolymer obtained by graft polymerizing 
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Component (A) 


PCI (parts by weight) 
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SAN (parts by weight) 
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AliS (parts by weight) 
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MBS.I (parts by weight) 
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MB (parts by weight) 
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Silicone -acrylic-complex rubber 
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(parts by weight) 














MIIA (parts by weight) 
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Component (II) 


Organic phosphorus compound (t£4) 
(parts by weight) 


15 


15 
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15 
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Pl'R: (nonvolatiles content) 
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(parts by weight) 
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44 
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I/od impact strength (fcgf -cm/cm) 


55 


48 
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(Thickness of test specimen: .1/8") 














Residential Izod impact strength 


55 


47 
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MBSl used in Example 17 is a copolymer obtained by 
graft polymerizing styrene and methyl melhacrylalc onto a °* s 
rubbery butadiene polymer, wherein the content of the 
rubbery butadiene polymer in MUSI is approximately 80% 



methyl methacrylate onto a rubbery butadiene polymer, 
wherein the contents of the rubbery butadiene polymer and 
methyl methacrylate in MB are approximately 80% by- 
weight and 20% by weight, respectively. The silicone- 
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acrylic complex rubber used in Comparative Example 10 is 
a st ry re ne -free copolymer obtained by graft polymerizing 
methyl melhacrylate onto a rubbery polymer consisting of a 
polyorganosilnxanc and a polyalkyl (mclh)acrylalc, wherein 
the contents of the rubbery polymer and methyl (meth) 5 
acrylate in the copolymer are approximately 80% by weight 
and 20% by weight, respectively. Further, MIJA used in 
Comparative Example 11 is a slyrene-free copolymer 
obtained by graft polymerizing methyl met hacry late onto a 
butyl acrylate rubber, wherein the contents of the butyl H> 
acrylate rubber and methyl melhacrylate in MIJA are 
approximately 80% by weight and 20% by weight, respec- 
tively. Each of the above-mentioned slyrene-free copolymer 
components exhibits the ability to improve ihe impact 
resistance of the resin composition. However, the use of 15 
such a sty re ne- free copolymer component in the Compara- 
tive Examples resulted in either a decrease of the improve- 
ment in impact resistance or a decrease of the residential 
Izod impact resistance, as compared to those of the resin 
composition produced in each of Examples 17 and 18, In -f> 
addition, the resin composition produced in each of Com- 
parative Examples 9 and U suffered a lowering in flame 
retardancy. 

INDUSTRIAL APPLICABILITY 25 

The resin composition of the present invention not only 
simultaneously exhibits excellent melt fluidity, impact 
resistance, thermal resistance and (lame retardancy, but also 
exhibits an excellent stability in mechanical properties, jto 
Further, the occurrence of mold deposit (MD) during the 
molding of such a resin composition is very small. By virtue 
of these properties, the resin composition of the present 
invention has advantages for use in various industrial fields. 

What is claimed is: 

1. A flame retardant polycarbonate resin composition 
comprising; 

50 to 98 parts by weight of an aromatic polycarbonate 
(A), 

0. 1 to 49 parts by weight of a copolymer (B) comprising 
an aromatic vinyl monomer unit (b-1) and a vinyl 
cyanide monomer unit (b-2), 

0.5 to 30 parts by weight of a cyanide-containing, graft 
copolymer (C) obtained by copolymerizing an aromatic 45 
vinyl compound (c-1) and a vinyl cyanide compound 
(c-2) in the presence of a rubbery polymer (c-3), 

0.5 to 30 parts by weight of a (meth)acrylale-containing, 
graft copolymer (D) obtained by copolymerizing an 
aromatic vinyl compound (d-i) and an alky I (meth) si) 
acrylate (d-2) in the presence of a rubbery butadiene 
polymer (d-3), and 

0.1 to 30 parts by weight of at least one organic phos- 
phorus compound oligomer (E), 

wherein the total amount of the components (A), ( B), (C) *° 
and (D) is 100 parts by weight. 

2. The polycarbonate resin composition according to 
claim I, wherein said organic phosphorus compound oligo- 



mer (E) is selected from the group consisting of compounds 
represented by the loll owing formula: 



U J (Oij — 1 



wherein: 
X represents 




CD 



— x— o— i;— H°>— n a 




CI I., 
-C- 

ciu 




\ / 



40 



each of IV\ R t? and R rf independently represents a 

C o- c zo ai 7l g^up; 
n represents an integer of I to 5; and 
each of j, k, I and m independently represents 0 or I. 

3. The polycarbonate resin composition according to 
claim 2, wherein each of R", R'', k ,: and K f/ in formula (I) 
independently represents a phenyl group or a xylyl group, 
with the proviso that each of said compounds of formula ( t) 
contains at least one phenyl group and at least one xylyl 
group. 

4. The polycarbonate resin composition according to 
claim 1, wherein the content of said rubbery butadiene 
polymer in said ( me th)aery late -containing, graft copolymer 
(D) is 65 to 95% by weight, and the weight ratio of said 
component (d-1) to said component (d-2) in said (meth) 
acryiate-containing, graft copolymer (D) is within the range 
of from 80/20 to 5/95. 

5. The polycarbonate resin composition according to 
claim 1, wherein said aromatic polycarbonate (A) has a 
weight average molecular weight of from 15,000 to 30,000, 
and said copolymer (B) has a weight average molecular 
weight of from 50,000 to 180,000. 

6. The polycarbonate resin composition according to 
claim 1, wherein said component (E) comprises a plurality 
of different organic phosphorus compound oligomers, 
wherein the weight average polymerization degree (N) of 
said plurality of different organic phosphorus compound 
oligomers (E) is in the range of from 1.0 to less than L2. 

7. The polycarbonate composition according to claim 1, 
wherein said component (E) has an acid value of less than 
I mg KOH/g. 

H. llie polycarbonate resin composition according to 
claim 7, wherein said component (E) has an acid value of 
less ihan 0.1 mg KOH/g. 

9. The polycarbonate resin composition according to 
claim 1, which further comprises a tetratluoroethylene poly- 
mer. 



